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The Lkb1/Strad/Mo25 complex can polarize single epithelial cells, leading to the formation of a brush border
containingmicrovilli on the apical surface. In this issue ofDevelopmental Cell, ten Klooster et al. show that the
Lkb1/Strad/Mo25 complex mediates two separate pathways, and that both are required for assembly of
apical microvilli.Cells have regulatory mechanisms for
placing the appropriate proteins and lipids
in specific domains at the cell surface
to achieve a state known as cell polarity.
A classical example is the polarized
epithelial cell, with its microvilli-studded
apical membrane—comprising the brush
border—segregated by tight junctions
from the distinct basolateral domain. The
signaling pathways that polarize cells
have been studied in a diversity of
systems, including yeasts, nematodes,
flies, and vertebrate systems, and many
of these pathways have been conserved
through evolution. For example, a search
for factors important for the first asym-
metric division in the nematode embryo
led to the discovery of the PAR proteins,
manyofwhicharenowknown tobecritical
factors in the establishment of polarity in
multiple systems. In epithelial cells, cues
from adjacent cells and the extracellular
matrix were generally believed to provide
the polarity input. Thus the report that
single epithelial cells could be induced to
polarize spontaneously upon induction
of the Lkb1 kinase, the human homolog
of nematode PAR-4, was a fascinating
finding (Baas et al., 2004). The authors
showed that upon activation of Lkb1,
single epithelial cells become polarized
with a morphologically distinct apical
brush border containing microvilli, and
with apical proteins segregated from
the basolateral membrane by rudimentary
complexes containing tight junction
markers. At the time, Lkb1 kinase was
known to regulate cell proliferation and
to be mutated in Peutz-Jeghers cancer
syndrome, and to also have many other
roles, including responding to low levels
of energy metabolism by phosphorylating
AMPK (Alessi et al., 2006), but its role incell polarity was novel. A paper in this
issue of Developmental Cell (ten Klooster
et al., 2009) begins to dissect the path-
ways from Lkb1 that set up this polarity.
Active Lkb1 exists in a complex with the
pseudokinase Strad and an adaptor
protein, Mo25 (Baas et al., 2003; Boudeau
et al., 2003). To test the role of Mo25,
the authors knocked down expression of
Mo25 in cells expressing Lkb1 and Strad.
The cells were unable to polarize: no
actin-rich brush borders were formed and
apical and basolateral proteins were not
segregated. A key feature of microvilli on
polarized epithelial cells is the presence
of the membrane-microfilament linking
protein Ezrin (Bretscher et al., 2002). Ezrin
is required for normal microvilli on these
cells (Saotome et al., 2004), and its activity
is regulated by phosphorylation of threo-
nine 567. In single epithelial cells polarized
by the expression of Lkb1/Strad/Mo25,
phosphorylated Ezrin is enriched in apical
microvilli, whereas inMo25-depleted cells,
Ezrin phosphorylation drops dramatically.
Moreover, overexpression of a nonphos-
phorylatable mutant, Ezrin T567A, inhibits
Lkb1/Strad/Mo25-induced actin polariza-
tion. This suggests that Ezrin phosphoryla-
tion is a critical aspect of the polarization
process, but how is it linked to Lkb1
activation?
Two strategies to identify the relevant
kinase converged on the Ste20-related
Mst4. First, the authors undertook a two-
hybrid screen with Mo25 as bait that
yielded Strad, as expected, and Mst4.
Second, they assayed a panel of 80
kinases to ask which can phosphorylate
the appropriate Ezrin peptide. Along with
kinases already known to phosphorylate
Ezrin on threonine 567, they identified
members of the Mst family of kinases. InDevelopmental CecellsexpressingLkb1/Strad/Mo25, knock-
down of Mst4 eliminated Ezrin phosphory-
lation and the polarized distribution of
actin. These findings implicated Mst4
downstream of Lkb1/Strad/Mo25 in the
polarization pathway.
Mst4 is activated by autophosphoryla-
tion, but the level of this phosphorylation
is independent of the presence of active
Lkb1, so how does Lkb1/Strad/Mo25
regulate Mst4’s function? Mst4 is nor-
mally localized to the Golgi in fibroblasts
through binding of GM130; however, the
authors show that upon Lkb1/Strad/
Mo25 activation in epithelial cells, Mst4
becomes partially translocated to the
apical domain, where it presumably phos-
phorylates Ezrin.
What aspects of epithelial cell polariza-
tiondoes theMst4 kinasecontrol?As orig-
inally shown by Baas et al. (2004), active
Lkb1 polarizes both the actin cytoskeleton
to form microvilli containing the actin
cross-linking protein villin, and the asym-
metric distribution of membrane markers
to define the apical and basolateral
membranes. When Mst4 is depleted in
the presence of active Lkb1/Strad/Mo25,
membrane proteins are still polarized, but
Ezrin is not phosphorylated and no villin-
containing apicalmicrovilli are assembled.
In theseMst4-depletedcells, apicalmicro-
villi can be restored by expression of
the phosphomimetic Ezrin T567D. Since
expression of Ezrin T567D without active
Lkb1/Strad/Mo25 cannot polarize the
cells, full polarization depends on both
Ezrin phosphorylation by Mst4 and on
other aspects of the Lkb1/Strad/Mo25-
dependent pathway to polarize apical
and basolateral membrane proteins.
This pathway has been elucidated in
cultured epithelial cells, but does it relatell 16, April 21, 2009 ª2009 Elsevier Inc. 491
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Previewsto epithelial cell polarization in tissues? As
ten Klooster et al. show, Mst4 is enriched
in the apical aspect of epithelial cells that
line the small intestine. However, while
intestinal epithelial cells in mice lacking
Ezrin have less ordered microvilli, micro-
villi are present and they still contain villin
(Saotome et al., 2004). Thus, it seems
likely that in the context of tissues, addi-
tional signaling pathways independent of
Ezrin contribute to drive apical microvilli
assembly or maintenance.
The Lkb1/Strad/Mo25/Mst4 pathway
seems tobewidelyconserved in regulating
cell polarity. Nematodes contain homo-
logs of these proteins (PAR-4/STRD-1/
MOP-25/GCK-1) and RNAi knockdown of
gck-1 reduces cortical ruffling in the one-
cell embryo (Sonnichsen et al., 2005),
a process that in vertebrates involves
Ezrin-related proteins. Although yeasts
do not have microvilli or contain Ezrin,
they do appear to use a related pathway
to control aspects of cell polarization. The492 Developmental Cell 16, April 21, 2009 ªhomolog of Mst4 in budding yeast is
Kic1, which binds the Mo25 homolog
Hym1, and loss of this pathway compro-
mises polarized cell growth (Nelson et al.,
2003). In fission yeast, the respective
homologs of Mst4 and Mo25 are Nak1
and Pmo25, and they too are implicated
in thepolar accumulationof actin at growth
zones (Leonhard andNurse, 2005). In both
nematodes and yeast, it will be fascinating
to find the substrates of the Mst4 homo-
logs to see how this polarity pathway has
been utilized through evolution.
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